Abstract: Near-infrared (NIR) spectral sensors deliver the spectral response of the light absorbed by materials for quantification, qualification or identification. Spectral analysis technology based on the NIR sensor has been a useful tool for complex information processing and high precision identification in the tobacco industry. In this paper, a novel method based on the support vector machine (SVM) is proposed to discriminate the tobacco cultivation region using the near-infrared (NIR) sensors, where the genetic algorithm (GA) is employed for input subset selection to identify the effective principal components (PCs) for the SVM model. With the same number of PCs as the inputs to the SVM model, a number of comparative experiments were conducted between the effective PCs selected by GA and the PCs orderly starting from the first one. The model performance was evaluated in terms of prediction accuracy and four parameters of assessment criteria (true positive rate, true negative rate, positive predictive value and F1 score). From the results, it is interesting to find that some PCs with less information may contribute more to the cultivation regions and are considered as more effective PCs, and the SVM model with the effective PCs selected by GA has a superior discrimination capacity. The proposed GA-SVM model can effectively learn the relationship between tobacco cultivation regions and tobacco NIR sensor data.
Introduction
The quality of tobacco is affected highly by the cultivation environment, such as the temperature, rainfall, soil and so on. Generally, tobaccos from the same region usually have the similar characteristic and fragrance style. Meanwhile, cigarettes are ranked according to the fragrance styles and the retail price is set accordingly. However, tobacco leaves from different regions may be blended together during the acquisition and shipping process intentionally or unintentionally, which makes inspection difficult before being put into production. As the manual identification of the growing region is not reliable and cannot meet the requirement, an automatic and intelligent identification approach for the tobacco growing regions is highly desirable.
With the development of spectral sensor technology, the application of the near-infrared (NIR) sensor has been widely used in many fields [1] [2] [3] [4] [5] [6] . The spectra obtained from the NIR sensor have the potential to extract corresponding feature information for the samples. In recent years, the NIR spectral sensor technology has developed quickly as a powerful analytical method in the tobacco industry and proven its effectiveness for both qualitative and quantitative analyses due to having the 
Tobacco Database
A total of 332 tobacco samples were collected from four different regions in Guizhou Province by the Guizhou Tobacco Science Research Institute of China. Due to the suitable climate and soil condition in the local regions, tobacco cultivation is very popular there. However, it is very hard to discriminate the tobaccos from the regions. The number of tobacco samples collected from the four regions is given in Table 1 . The NIR spectra of the 332 samples were recorded with Thermo Antaris 2 with multiple sensors (Thermo Fisher Scientific Inc., Waltham, MA, USA). The spectra are with the resolution of 8 cm −1 and 64 scans. The NIR range is from 3499 cm −1 to 12,000 cm −1 , which is shown in Figure 2 . It shows that there are significant fluctuations from 3500 cm −1 nm to 7000 cm −1 and the spectra have peaks at 4004 cm −1 , 4313 cm −1 , 4727 cm −1 , and 5163 cm −1 , which are frequency doubling and sum-frequency absorption of hydrogen containing groups such as C-H, O-H, N-H, and S-H. Generally, the near-infrared band of sum frequency is located between 4000 cm −1 and 5000 cm −1 , while the first order harmonic and second harmonic are ranged from 5556 cm −1 to 7143 cm −1 , and the third and fourth or higher harmonic focus on the band between 11,111 cm −1 and 12,800 cm −1 . 
De-Noising for the Raw Spectra of the Samples
The NIR spectra gathered with the NIR sensor are high-dimensional. The value of absorbance is recorded at total 2084 points, so the dimension of the samples is 2084 in this study. As the spectra carry the internal information of the atomic bond of the molecule, it is very effective to do the qualitative and quantitative analysis for them.
However, unexpected noise from the NIR spectral sensor data and human operation will be introduced during the NIR sensor data acquisition. The noise may degrade the signal to noise ratio (SNR) and affect the model performance, so de-noising raw NIR spectral sensor data is very significant in the model establishment. The SG filter is applied for the raw NIR data to eliminate the noise in the NIR spectral sensor data. The principle of the de-noising lies in replacing the contaminated NIR data with the average value that calculated from the contaminated data. A quadratic polynomial is adopted and the size of the sliding window is set to 121 in this study. 
However, unexpected noise from the NIR spectral sensor data and human operation will be introduced during the NIR sensor data acquisition. The noise may degrade the signal to noise ratio (SNR) and affect the model performance, so de-noising raw NIR spectral sensor data is very significant in the model establishment.
The SG filter is applied for the raw NIR data to eliminate the noise in the NIR spectral sensor data. The principle of the de-noising lies in replacing the contaminated NIR data with the average value that calculated from the contaminated data. A quadratic polynomial is adopted and the size of the sliding window is set to 121 in this study.
Outlier Identification and Feature Extraction
In this study, Mahalanobis distance was used to detect the outliers. The average values of all the spectra of the samples were firstly calculated and used to build an average spectrum. Then the Mahalanobis distance between each spectrum and the average spectrum was calculated, and was made as the outlier measurement of each spectrum. The spectrum with Mahalanobis distance from the average spectrum bigger than the threshold would be considered as one outlier. All the outliers were eliminated.
PCA is one of the most popular approaches to extract features from high dimensional data. It was applied for the de-noised NIR spectral sensor data with SG smoothing method. In order to keep as much information as possible, the full spectral range of the raw data from 12,000 cm −1 to 3499 cm −1 was adopted. There were total 2084 data points in each tobacco NIR spectrum, which tends to overfitting easily due to the high dimension, so PCA was applied to extract the main features from the de-noised NIR spectral sensor data, which is also called reducing dimension. Each data firstly had the mean value of the corresponding columns subtracted and the covariance matrix of the new dataset was calculated. The eigenvalues and eigenvectors matrix can be calculated from the covariance matrix and the PCs from the PCA are ranked according to the value of the eigenvalues from large to small, so the PCs in the eigenvectors with larger eigenvalues contained more useful information or energy of the dataset. The number of the principal components is very significant, as too much noise and other redundant information will be carried into the data if it is too big but useful information will be lost if it is too small. Generally, a certain number of PCs are chosen simply from 
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It is very important to select the number of the PCs, since too many PCs may contain too much noise and too few PCs may lose the useful information. In this study, a series trial number of PCs (6, 8, 10, 12, 14, 16 ) from the 25 PCs were combined to be different input subsets for the model establishment and the most suitable input subset was selected based on the prediction accuracy of the SVM model. front to back, which means the selection is just according to the value of their eigenvalues, however, although such PCs carry the most useful information of the data, some of them may be not effective for the model to be built. In this study, the top 25 PCs from PCA algorithm were extracted as the original input for the model, as they almost occupied 100% of the information of the data, which was shown in Figure 3 . It is very important to select the number of the PCs, since too many PCs may contain too much noise and too few PCs may lose the useful information. In this study, a series trial number of PCs (6, 8, 10, 12, 14, 16 ) from the 25 PCs were combined to be different input subsets for the model establishment and the most suitable input subset was selected based on the prediction accuracy of the SVM model.
Genetic Algorithm Optimized Support Vector Machine Approach
In order to feed the more effective features into the SVM model, GA was proposed to select the most model-effective PCs for the corresponding input subsets. The detailed procedure of the GA-SVM is shown in Figure 4 . Firstly, the population initialization is set randomly in the first 25 PCs from the PCA algorithm. Then the optimal feature selection with GA is followed as shown in the dashed part. The prediction accuracy of the SVM classifier is used for measurement of the fitness value for each individual. The fitness value biased roulette method is used to select the suitable parents. The input subset with a larger fitness value is more likely to be selected as parents. All parents carry more effective genetic information for the SVM model. Parents are mated randomly and reproduction carries on here. Crossover and mutation, as the two main genetic operations, are functioned to produce the offspring and boost the new population. One-point crossover and uniform mutation are adopted in this study. After several generations, genes with a higher fitness value are passed on and inherited. The evolution continues until meeting the termination criteria. Finally, the optimal input subset with the best fitness is selected for the SVM classifier. 
In order to feed the more effective features into the SVM model, GA was proposed to select the most model-effective PCs for the corresponding input subsets. The detailed procedure of the GA-SVM is shown in Figure 4 . Firstly, the population initialization is set randomly in the first 25 PCs from the PCA algorithm. Then the optimal feature selection with GA is followed as shown in the dashed part. The prediction accuracy of the SVM classifier is used for measurement of the fitness value for each individual. The fitness value biased roulette method is used to select the suitable parents. The input subset with a larger fitness value is more likely to be selected as parents. All parents carry more effective genetic information for the SVM model. Parents are mated randomly and reproduction carries on here. Crossover and mutation, as the two main genetic operations, are functioned to produce the offspring and boost the new population. One-point crossover and uniform mutation are adopted in this study. After several generations, genes with a higher fitness value are passed on and inherited. The evolution continues until meeting the termination criteria. Finally, the optimal input subset with the best fitness is selected for the SVM classifier.
Support Vector Machine Algorithm
Although the SVM was originally designed for binary pattern recognition problems, it has been extended to solve multi-class problems. Given (x, y) is a set of samples, → x is the vector of NIR spectral sensor data, and y = {−1,1}, which is in the case of two classes, and the linear decision hyperplane is given as
where → w is the weight vector and b is the bias, and · is the inner product operator. The separating hyperplane is g → x = 0 and the corresponding classifier is set to be sign of g → x . The Euclidean distance between any → x i to the separating hyperplane is given by The goal of the classification is to find the optimal separating hyperplane (OSH) which is equal to solve the following quadratic equation,
subject to y i
where i is the sample number, C is the penalty constant, ε i is the slack variable. The w and b can be searched by solving the following equation with Lagrange multipliers method,
is the kernel function and plays a significant role in the SVM model. Normally, there are four kernel functions: Linear function, polynomial function, radial basis function (RBF) and sigmoid function [30] . In this study, RBF was selected as the kernel function, and its function is given as,
Sensors 2018, 18, x FOR PEER REVIEW 6 of 14 
Although the SVM was originally designed for binary pattern recognition problems, it has been extended to solve multi-class problems. Given ( , ) is a set of samples, ⃗ is the vector of NIR spectral sensor data, and = {−1,1}, which is in the case of two classes, and the linear decision hyperplane is given as
where ⃗ is the weight vector and b is the bias, and • is the inner product operator. The separating hyperplane is ( ⃗) = 0 and the corresponding classifier is set to be sign of ( ⃗). The Euclidean distance between any ⃗ to the separating hyperplane is given by Although the basic SVM is applicable to two classes, the method of SVM for multi-classification is to adopt the idea of the decision tree. It starts from the root node, divides the category contained by the node into two subclasses, and then further divides the two subclasses, and so on, until only one class is included in the subclasses. Thus one inverted binary tree is obtained in this way and the SVM classifier is trained on each decision node of binary tree to classify the samples with multi-classes.
Model Evaluation
The prediction accuracy is the significant parameter to evaluate the overall performance in the classification of the tobacco cultivation region and it is defined as
where n r is the number of samples predicted rightly and N t is the number of samples for prediction. In this study, N t is set to be 266 and 66 in the training and testing stages, respectively. One two-by-two confusion matrix showed in Table 2 supports the evaluation criteria for the models. As shown in Table 2 , n means the number of samples, and the parameters are defined according to the styles of the given label and the predicted label, where n TP is the number of positive samples that are labeled as positive, n TN is the number of negative samples labeled as negative, n FP is the number of positive samples labeled as negative, and n FN is the number of negative samples labeled as positive [30] . The functions of the evaluation criteria are given as
where γ TP is sensitivity rate, which is a measure of the ability to detect the positive patterns; γ TN is specificity rate, which is means the ability to specify the negative patterns; γ PP is the precision rate, which represents the ability to predict the positive patterns; and γ is F1-score, which considers both the precision and sensitivity of the test. 
Results and Discussion
In order to investigate how the GA optimizes the SVM model, different trial values were tested and discussed, the procedure of the feature selection with GA was represented in details in this section. All simulations are implemented on a Windows 10 operating system using MATLAB R2014a, which is running on a laptop with Intel (R) Core (TM) i5-4210U CPU 1.70 GHz and 2.40 GHz RAM. The machine learning analysis is conducted mainly using the MATLAB toolboxes.
Selection of Parameters
A grid search method and 5-fold cross-validation approach was adopted to select the parameter pair (C, σ) for SVM model. Six input subsets with the different fixed number of first PCs (6, 8, 10, 12, 14, 16) from PCA were used for the input of the SVM model. The result was shown in Table 3 . As shown in the Table, when the first 14 PCs were selected for the input of the model, the best prediction accuracy for 5-fold cross-validation was obtained as 78.6% with the parameter pair C = 2 and σ = 2. The search time for 14 inputs was 24 s and for other inputs were all around 24 s. However, the computation time was slightly longer as the number of inputs increased. Therefore, the parameter pair was selected as 2 and 2 respectively in this study. Table 3 . Parameters selection with grid search method and 5-fold cross-validation. n: the number of PCs in corresponding input subset; C: the penalty constant; σ: the width in RBF; P cva : the best prediction accuracy of 5-fold cross-validation; t: time consumption. 
Feature Extraction with GA
Population size and genetic operators are two significant parameters for GA, and they are discussed in detail as follows.
Population Size
The population size in GA is a very important parameter, as it has impact on the search speed and convergence rate. It will make the search too complicated if it is too large, while it will stop the search too early and miss some good solutions if it is too small. Thus different population sizes were examined to find the most appropriate one. The best fitness value with different population size is shown in Figure 5 . It can be found that the larger the population is, the more quickly the optimal solution achieved. Meanwhile, the larger population size will need more generations to achieve the fitness. However, a too large population size is likely to add to the complexity of the problem and decrease reliability. So the appropriate population size was selected to be 200 in this study. 
Genetic Operators
The genetic operators include crossover and mutation in GA, which determines the diversity of genes in GA. The probabilities of crossover and mutation play a significant role in the convergence speed to achieve the fitness. Generally, the range of the probability of crossover is usually set from 0.5 to 1, and that of a probability of the mutation is likely to set at less than 0.1. The biased roulette wheel method was used to select parents and one-point crossover was adopted to produce more superior offspring for the GA-SVM model. In order to find the most appropriate value for the probabilities of crossover and mutation, a series of trial values were tested and the result was shown in Figure 6 . The fitness value keeps on going up when the crossover rate increases from 0.4 to 0.6, but 
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Selection the Number of PCs with GA
The sensitivity of the PCs to the discrimination of tobacco cultivation region was examined by GA with the population size of 200, the maximum generation of 100, the probability of crossover of 60% and the probability of mutation of 1%. The first 25 PCs with larger eigenvalues (more information) were selected by PCA as the original inputs. A total of six different input subsets were chosen, where the number of PCs in these six input subsets was 6, 8, 10, 12, 14 and 16 . The PCs in the input subset were selected from the first 25 PCs by the GA, and the selected one was labeled with 1 and the unselected one labeled with 0, as shown in Table 4 . Very interestingly, it is observed that the selection of PCs by the GA is not according to the size of the eigenvalues, but depends on the sensitivity to the discrimination of tobacco growing regions. The 1st, 6th, 7th, 8th, 10th and 11th PCs were selected regardless of how many input numbers were chosen, which showed that they were effective PCs for the discrimination problem of tobacco growing regions. In addition, as the number of inputs increases, the selection of effective PCs depends on their interaction rather than how much information the PCs possess.
In order to make a comparison with the SVM model, the prediction accuracy (P a ) of the GA-SVM model was shown in Table 5 as well as that of the SVM model with the first corresponding PCs. It can be observed that the GA-SVM model performs better for almost every input subset. However, for both of the two models, the prediction accuracy keeps going up as the input number increases and achieves the highest value when 14 inputs are chosen, then it drops down as the input number are more than 14. The prediction accuracy for the GA-SVM model is up to 83.3% when 14 PCs were selected by GA, which was 3% higher than that of SVM. Meanwhile, for the same number of inputs, the input subset of GA-SVM model possessed less information from the raw NIR spectra than that of SVM model, but it had better performance. It indicated again that GA selected the inputs for the SVM model to classify the cultivation regions of tobacco mainly based on the sensitivity of the PCs but not the information the PCs has. 
The Evaluation of the Proposed Model
When 14 PCs were selected as the input by GA, the comprehensive assessment for cultivation region classifiers was examined in terms of γ TP , γ TN , and γ, the result for each class was depicted in Table 6 . It can be observed that GA-SVM model had a better performance than the SVM model in distributing the tobacco leaves from north part and southwest part of Guizhou Province. Both γ TP and γ for the GA-SVM model in class 1 (0.92 and 0.96, respectively) and class 4 (0.88 and 0.94, respectively) were larger than that for the SVM model (γ TP is 0.67 and 0.82 in class 1, γ is 0.76 and 0.9 in class 4, respectively). In class 1, they were 0.25 and 0.2 higher, respectively, than the latter model. Values of the four evaluation criteria for the two models were almost the same in class 2 and all were around 0.8, and it shows that both of two models have the same performance for the tobacco leaves from the middle of the province. The performance of GA-SVM model was slightly inferior to the SVM model for the tobacco leaves from northwest of Guizhou Province. With the exception of γ TN , the value of the other three evaluation criteria was very small (0.67) for the GA-SVM model in class 3, which was about 0.09 lower than that of the SVM model. Considering the overall assessment, the GA-SVM model had a better capacity than the SVM model to classify tobacco from different cultivation regions, so it had a superior application.
In comparison with those previous works that used different models for tobacco classification problems based on NIR spectra, although the accuracy of the GA-SVM in this study (0.83) is a little inferior to the results in some other previous works [11, 27] (about 0.90), the result is superior to the SVM model (0.80), so it demonstrates that the GA can select the effective PC input subset for the SVM model, which is the primary purpose of the study. The sensitivity rate and specificity rate of the GA-SVM model (0.92 and 1.00, respectively) for class 1 are much higher than that achieved by Montano-Moreno et al. [31] (0.91 and 0.74, respectively). The best prediction rate of GA-SVM (1.00) is bigger than that obtained by Besalu et al. [32] (0.865). Table 6 . The result of two models in terms of four evaluation parameters on testing set. γ TP : sensitivity rate; γ TN : specificity rate; γ PP : precision rate; γ: F1-score [30] . 
Conclusions
In order to investigate the effective PCs from PCA for the tobacco cultivation-region classification, in this study the first 25 PCs from PCA were firstly chosen as the original input, and six input subsets with different number of PCs (6, 8, 10, 12, 14, 16 ) from the 25 ones were then examined for the SVM model. The genetic algorithm was proposed to select the most effective PCs for the corresponding input subsets. The setting parameters of GA were discussed in detail to find the most suitable GA parameters. A series of experiments were conducted with and without the GA. Interestingly it was found that the more effective PCs may not be the PCs that have more information in general. Comparative studies show that the SVM classifier with the optimal PCs selected by GA has a superior performance with the SVM classifier with same number of PCs from the first component. The results demonstrated the tobacco cultivation region classifier relied on the sensitivity of the PCs but not the information they possess from the raw tobacco NIR spectral sensor data, and the GA is a feasible method for feature selection in classification problems.
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